Merrifield's solid-phase peptide synthesis'r' requires almost quantitative acylation of amino groups upon the peptidyl resin. Several methods of monitoring the course and completion of this reaction have been described (for a review see e.g,"), the ninhydrin test being the one most commonly used'. Recently, we have employed an indicative amount of 3,4-dihydro-3-hydroxy-4--oxo-I,2,3-benzotriazine to monitor the acylation of amino groups in our configuration of continuous-flow solid-phase peptide synthesis'v. This triazine has been recommended by Atherton et a\.6 for the preparation of self-indicating activated esters. However, the colour change from yellow to white is not sufficiently conspicuous if one works on standard polystyrene resin that tends to be yellowish itself. Therefore, we attempted to find an alternative indicator that would be deprotonated by free amino groups on peptidyl resin and whose ionized form would be deeply coloured.
yellowish to yellowy-orange and when free amino groups are present the colour turns deep blue (not all acid-base indicators change their colour in the presence of free amino groups on resin). Bromocresol green and bromocresol purple displayed also satisfactory properties.
Acylation monitoring can be performed both continuously (a solution of bromophenol blue is simply added to the acylating agent or to the last washing solvent before coupling) or discontinuously (a sample of peptidyl resin is withdrawn from the reactor and treated with bromophenol blue); the free resin-bound amino groups are also easily determined quantitatively. The most important feature of the test, however, is the possibility to follow the course of the acylation continuously by sight. This advantage should be appreciated especially in multiple peptide synthesis where several couplings have to be followed and checked at the same time. The test is not destructive, the excess of bromophenol blue can be easily washed out by a solution of a base even if the indicator is present in an equimolar amount. We quantitatively followed the kinetics of one of the syntheses using picric acid", ninhydrin", and bromophenol blue (BB). The obtained results are summarized in Table 1 . The BB method gave comparable results, but it is simpler to perform and its further advantage over the ninhydrin test is that it can be repeated with the same sample several times,
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[NH,I.mn1olfg which can increase its reliability. Moreover, condensations involving aminoterminal proline can be monitored without difficulties. The indicator does not get involved in any side reaction: we never observed unexpected products in crude peptides. In the blank acylation experiment (benzhydrylamine resin, bromophenol blue, dicyclohexylcarbodiimide, N--hydroxybenzotriazole in dimethylformamide in the absence of amino-protected amino acid) the starting deep blue colour of the resin did not change even after five weeks. After this period simple addition of Boc-AI~and fresh dicyclohexylcarbodiimide led to the coupling and therefore decoloration of the resin. To prove that the presence of the indicator did not deteriorate the quality of the synthesized peptide we have performed the comparative synthesis of two oxytocin analogs which were synthesized in our laboratory several times and whose properties are very well known (for the review see") -deamino--oxytocin 10 and deamino-I-carba-oxytocin II. Both these peptides were carefully checked by chromatography in the stage of the crude reaction mixture (after cleavage from the resin and oxidative cyclization in the case of deamino-oxytocin) and no significant differences in the mixture composition were found. Both peptides were fully characterized in the pure form analytically (amino acid and elemental analyses), spectroscopically etH NMR spectrum at 500 MHz, CD spectrum) and pharmacologically (uterotonic and galactogogic activity). None of these tests revealed any significant differences. Yields of the pure compounds were comparable with those of the same peptides obtained in our laboratory previously.
The sensitivity of the monitoring is high; routinely bromophenol blue was used in only l/l 000 molar equivalent of the amino groups. Nevertheless, even a full equivalent of bromophenol blue can be present in the reaction mixture without any apparent influence on the coupling (but not on the sensitivity of the test -see below).
The sensitivity of this monitoring method brings about its own limitations: (i) The quality of the protected amino acids must be high, especially as far as the content of unprotected species is concerned. This high purity is in some cases very hard to achieve, for example in Boc-Gln or Boc-Asn, (ii) Dimethylformamide used for the synthesis must be dimethylamine-free and no base can be added during the coupling step.
(iii) The nature of the base used in the neutralization step is very important if the classicalMerrifield's resin is used. The residual chIoro methyl groups form quaternary ammonium salts with the tertiary amine and this leads to blue colouring of the resin after the addition of the bromophenol blue. This colour is not washed by the tertiary base and quaternary ammonium salt must be used for its washing. (On the other hand, bromophenol blue makes possible quantitative determination of these strongly basic quaternary ammonium groups on the resin.) Table II shows a comparison of triethylamine (TEA) and diisopropylamine (OlEA) in formation of these strongly basic groups on the resin. It is evident thattriethylarnine is not compatible with this monitoring method since the significant background colouring must be expected when synthesis is performed on chlorornethylated polystyrene. On the other hand, bulky diisopropylethylamine does not cause this side reaction in significant extent. A one week exposure to diisopropylethylamine leads to twenty times lower quaternary ammonium ion formation than a short (30 min) exposure to triethylamine solution. (iv) Only very low amount of monitoring dye can be used since it has the ability to decolourize itself by its leuko-forrn. Therefore the amount of the indicator applied to the resin should be lower than the quantity of the free amino group which we want to monitor. For example, if we want to observe the coupling. which is 99.9% complete. performed on I g of resin with the substitution I mmol/g, we must not apply more than I 1111101 of the bromophenol blue (i.e. 25 III of 0.04 M solution). Therefore the analytical rule of the as low as possible amount of indicator must be followed.
To demonstrate the reliability of this monitoring method we applied it in the standard batch wise solid phase synthesis of several analogues of oxytocin ( Bio-Gel P-4 followed by preparative reversed-phase high performance liquid chromatography (HPLC).
Beyond comparison is the applicability of BB method in the concurrent synthesis of peptides. This was demonstrated in the case of a simultaneous synthesis of six 20-residue peptides according to the multiple continuous-flow
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Amino acid sequence
Val-IIis-Ala-Gly-Prn-Ile-Ala-Prn-Gly-G In--Mct-P;rg-GIll-Pro-Arg-GIy-Ser-Asp-Ile-Ala Pro-He-Pro-GIy-Pro-Leu-Pro-Alu-GIy-Glu--Leu-Arg-GIu-Pro-Arg-Gly-Ser-Asp-Ile-Aln lie-Gin-Asn-Phe-Arg-Val-Tyr-Tyr-Arg-Asp--Ser-Arg-Asn-Pro-Leu-Trp-Lys-Gly-Pru-A lu Leu-Lys-Asp-Phc-Arg-Val-Tyr-Phe-Arg-Glu--Gly-Arg-Asp-Gln-Leu-Trp-Lys-Gly-Pro-Gly Arg-Pro-Glu-Gly-lle-Glu-Glu-Glu-Gly-Gly--GIll-Arg-Asp-Arg-Asp-Arg-Scr-Ilc-Arg-Leu Ala-Asn-Glu-Glu-Thr-Glu-Glu-Asp-Gly-Gly--Scr-Asn-GIy-G Iy-Asp-Arg-Tyr-Trp-Pro-Trp solid phase peptide synthesis confignration described earlier', The peptides were derived from the env, pol, and gag protein products of human immunodeficiency viruses (HIV-I ref.12and HIV-2 refY) and contained the predicted recognition sites for Bvcells!" (for amino acid sequence, see Table III ).
Crude pep tides were obtained in good yield and their purity was greater than 70% according to the reversed-phase HPLC (see Table IV ). Crude pep tides were purified to homogeneity by preparative reversed-phase HPLC and purified pep tides afforded expected amino acid analyses.
EXPERIMENTAL Quulitntive Continuous Monitoring in Solid-Phase Peptide Synthesis Performed Batchwise
The syntheses were carried out in an ordinary shaker reactor. Alter the addition of the protected amino acid, hydrcxybcnzotriuzolc and dicyclohexylcarbodiimide in dimethylforrnamide or dichlorcmethanc. three drops of a I% solution of bromophenol blue in dimethylacetamide were addcd. The suspension turned dark blue. After the suspension in the reaction vessel turned greenish-yellow, the next step of the synthesis was carried out. All experimental details regarding the synthetic protocol, cleavage conditions and puriflcatlon procedures were the sumo as described previously!'. In the cusc of dcumino-oxytocin and dcarnino-l -carba-oxytocin, we compared the products with the pure pep tides prepared by solid-phase method without the indicator and the same compounds prepared in solution. We huvc checked TLC in four different systems, HPLC, 500 MHz IH NMR spectrum of the solution in dimethylsulfoxide. CD spectrum in trifluoroethanolic solution, uterotonic (in vitro) and galactcgogic (in vivo) activities in ruts. We have found no differences. The properties of other pep tides specified in the theoretical part will be presented separately together with their biological activities and/or spectral properties.
Qualitative Continuous Monitoring in Multiple Continuous-Flow Solid-Phase Pep tide Synthesis
The synthesis was carried out in polypropylene flow reactors, adjustable for volume. each being initially charged with 400 I11g of bcnzhydryluminc eopoly(styrcnc-I % divinylbcnzene) resin (contents of amino group 0.4 meg/g). The detailed synthesis protocol is described clscwhere'", The coucutenated flow reactors were disconnected before the condensation reaction. A polypropylene syringe W'15 charged with 5ml ora 0.2 t\." solution or en appropriate hydroxybcnzotriazole ester in dimethylfonuamide and 0.2 nil of a 0.001 1' .1 solution of bromophenol blue in dimethylformaruide.
A part of this solution (21111) was injected into each reactor separately; after 5 min the rest of the solution was injected. Arter the disappearance of blue colour, the reactors were washed with dimcthylfcrmumide, re-concatcnated, and the synthesis was carried on. A sample of the peptidyl resin was checked by the ninhydrin test; failure to detect free amino groups by bromophenol blue was never observed. The yicld and pu~ity of crude peptides are summarized in Table IV .
Quantitative Monitoring
A sample of washed and dried resin (2-5 mg) was loaded into a small vessel with sintcrcd-gluss bottom and washed with dimethylacctamide and dichloromctlmnc. ethanol in dichlcromcthanc until the indicator excess was removed. Elution of the colouring was carried out with 5% diisopropylcthylutuinc in dichloromcthunc or dimcthylformamide (2 1111. or until the beads became colorless), the solution was adjusted to an appropriate volume (25 to 100 ml) with ethanol, and nbsorbuucc at 600 11m was read. The substitution was calculated according to the equation:
where S is substitution of the resin (in mmol/g), A is absorbance of the solution, V is volume (in ml), and m is the amount of the resin sample (in g).
Quantitative Table Il .
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